a b s t r a c t Although transgenic and knockout mice have helped delineate the mechanisms of action of diverse noxious compounds, it is still difficult to determine unequivocally the subpopulations of primary afferent nociceptor that these molecules engage. As most noxious stimuli lead to tissue and/or nerve injury, here we used induction of activating transcription factor 3 (ATF3), a reliable marker of nerve injury, to assess the populations of primary afferent fibers that are activated after peripheral administration of noxious chemical stimuli. In wild-type mice, hindpaw injections of capsaicin, formalin, mustard oil or menthol induce expression of ATF3 in distinct subpopulations of sensory neurons. Interestingly, even though these noxious chemicals are thought to act through subtypes of transient receptor potential (TRP) channels, all compounds also induced ATF3 in neurons that appear not to express the expected TRP channel subtypes. On the other hand, capsaicin failed to induce ATF3 in mice lacking TRPV1, indicating that TRPV1 is required for both the direct and indirect induction of ATF3 in sensory neurons. By contrast, only low doses of formalin or mustard oil failed to induce ATF3 in TRPA1 null mice, indicating that injections of high doses (>0.5%) of formalin or mustard oil recruit both TRPA1-and non-TRPA1 expressing primary afferent fibers. Finally, peripheral injection of menthol, a TRPM8 receptor agonist, induced ATF3 in a wide variety of sensory neurons, but in a TRPM8-independent manner. We conclude that purportedly selective agonists can activate a heterogeneous population of sensory neurons, which ultimately could contribute to the behavioral responses evoked.
Introduction
Our appreciation of the complexity of primary afferent nociceptors and their contribution to the transmission of pain messages has increased tremendously in recent years, in large part because of the cloning and characterization of the receptors and channels that are activated by different noxious stimuli [5, 12, 44, 58] . For example, temperature-sensitive afferents, which express the transient receptor potential TRPV1, not only respond to noxious heat and capsaicin but are also modulated by the acidity of the chemical milieu of inflammation [61] . TRPA1, by contrast [34, 61] , has been implicated in the production of pain by other chemical mediators (notably formalin) and, at least in some studies, noxious cold [2] [3] [4] 7, 23, 30, 46, 49] . More recently, TRPA1 has been implicated in mechanotransduction in cutaneous sensory neurons [38, 55] . Finally, afferents that express TRPM8 not only respond to menthol but are also activated by cold stimuli [8, 19] .
Despite our expanding knowledge of the molecular targets of these ''pain-producing" stimuli, there is still a lack of agreement as to the expression of these targets in primary afferents. For example, it was originally reported that TRPA1 is restricted to a subset of TRPV1 afferents [30, 34, 49, 57] , the majority of which are of the peptidergic subclass [21] . However, electrophysiological studies found that high doses of formalin unquestionably activate both myelinated and unmyelinated afferents [27, 33, 53, 54] , suggesting that TRPA1 has a wider distribution than does TRPV1. In fact, Kwan and colleagues [38] recently reported that dorsal root ganglion (DRG) neurons of all sizes express TRPA1. Similarly, cold sensitivity can be generated in primary afferents that lack TRPM8 or TRPA1 channels [8, 48] , suggesting that other afferents and or/ molecular targets come into play (See also [50] ). In fact, a recent report found TRPM8 expression in both myelinated and unmyelinated afferents [34] .
An alternative approach to localization of these channels by immunohistochemistry or in situ hybridization is to assay for the functional consequences of their activation. For example, Mizushima and colleagues [47] reported that a noxious cold stimulus induces p38 in TRPA1 but not in TRPM8-expressing small DRG neurons. Given that peripheral administration of a noxious stimulus is often associated with tissue and/or nerve injury, here we took a different approach to the problem. Specifically, we monitored 
